Amplification, sequencing and analysis of the 16S rRNA gene affords characterization of 2 microbial community composition. As this tool has become more popular and projects have 3 grown in size and scope, greater sample multiplexing is becoming necessary while maintaining 4 high quality sequencing. Here, modifications to the Illumina HiSeq 2500 platform are described 5 that afford greater multiplexing and 300 bp paired-end reads of higher quality than produced by 6 the current Illumina MiSeq platform. To improve the feasibility and flexibility of this method, a 2-
Introduction

23
The introduction of the Illumina HiSeq and MiSeq platforms has allowed for the characterization 24 of microbial community composition and structure by enabling in-depth, paired-end sequencing 25 of amplified fragments of the 16S rRNA gene. The Illumina MiSeq instrument produces paired 26 sequence reads up to 300 bp long. However, low amplicon sequence diversity often results in 27 reduced sequence read quality because of the homogenous signals generated across the entire 28 flow cell [1] . The co-sequencing of PhiX DNA can alleviate the problem, but reduces the overall 29 sequence read throughput and multiplexing options. Alternatively, the addition of a 30 "heterogeneity spacer" in the amplification primer offsets the sequence reads by up to 7 bases 31 and simultaneously increases multiplexing capacity by lowering the amount of PhiX control DNA 32 to ~5% [1] . Lower overall costs associated with higher throughput sequencing have made it a 33 widely-adopted approach, especially for larger projects which necessitate higher sample multiplexing to eliminate batch effect and reduced time to acquire data. The high-throughput 35 Illumina HiSeq 2500 platform offers a remedy to this issue but can currently only be used on 36 short amplicons (i.e. the 16S rRNA gene V4 region) due to limitations in read length (maximum 37 of 250 bp PE in Rapid Run Mode on a HiSeq 2500 instrument).
39
We present here a method that produces high-quality 300 bp paired-end reads from up to 1,568 40 samples per lane on a HiSeq 2500 instrument set to Rapid Run Mode. To make this method 41 feasible and flexible in sequencing different amplicon regions, libraries are prepared using an 42 improved version of a previously published 1-Step PCR method [1] , by using a 2-Step PCR 43 approach. In the 1-Step PCR method, fusion primers that contain both the target amplification 44 primer, the heterogeneity spacer, the barcode, and the sequencing primers have been used to 45 amplify a ready-to-sequence amplicon. However, primers ranging from 90-97 bp in length are 46 expensive, can be subject to degradation leading to poor or no amplification from low biomass 47 samples, and are limited to the targeted amplicon region. The 2-Step PCR library preparation 48 procedure described here is relatively more flexible and improves amplification from low 49 biomass samples because it uses short primers and a small anchor sequence to target the 50 amplicon region of interest in the first amplification step. The barcode, heterogeneity spacer and 51 sequencing primer sequences are introduced via the anchor sequence in a second round of 52 PCR.
54
To validate this method and its application to low biomass samples, we compared vaginal 55 community state types [2] as defined by metataxonomic profiling of vaginal samples from late 56 and post-reproductive age women [3] targeting the V3-V4 region of the 16S rRNA gene. lysozyme (10 mg/ml; EMD chemicals), 13 L mutanolysin (11,700 U/ml; Sigma Aldrich), and 3.2 70 L lysostaphin (1 mg/ml; Ambi Products, LLC) was added and samples were incubated at 37C 71 for 30 min. Then, 10 L Proteinase K (20mg/ml; Invitrogen), 50 L 10% SDS (Sigma), and 2 L 72 RNase A (10mg/ml; Invitrogen) were added and samples were incubated at 55C for an 73 additional 45 min. Cells were lysed by mechanical disruption on a FastPrep homogenizer at 6 74 m/s for 40 s, and the lysate was centrifuged on a Zymo Spin IV column (Zymo Research).
75
Lysates were further processed on the QIAsymphony platform using the QS DSP Supplementary Table   100 1a), 3% DMSO, and 5 L of genomic DNA. PCR amplification was performed using the following cycling conditions: an initial denaturation at 94C for 3 min, 20 cycles of denaturation 102 at 94C for 30 s, annealing at 58C for 30 s, and elongation at 72C for 1 min, and a final 103 elongation step at 72C for 7 min. The resultant amplicons were diluted 1:20, and 1 L was 104 used in the second step PCR. This second amplification step introduced an 8 bp dual-index 105 barcode to the 16S rRNA gene amplicons ( Supplementary Table 1b ), as well as the flow cell 
148
Configuration tab, within the Flow Cell Setup, the Reagent Kit Type was set to "HiSeq Rapid 149 v2", and the Flow Cell Type to "HiSeq Rapid Flow Cell v2". Next, within Recipe, the Index Type 150 was set to "Custom", the Flow Cell Format to Paired End, and the Cycles set to "301", "8", "8", (Table 4 ). Of 42 samples that did not amplify by the 1-Step 218 method, 55% were over the age of 51, the average of menopause, and 34 successfully 219 amplified using the 2-Step method, an 80% improvement ( Supplementary Table 2 ). Amplicons Supplemental Table 3 ).
232
Discussion
233
Large sample sizes and within subject frequent sampling are now becoming the norm for 234 microbiome analyses to increase statistical power. Therefore, higher-throughput capabilities are 235 needed that do not sacrifice sequence quality, afford flexibility to target a diverse set of genes or gene regions, and maintain the ability to sequence longer amplicons for increased taxonomic 237 resolution. Additionally, the less than optimal read quality and per sample read counts 
245
The 2-Step PCR library preparation method described here allows for production of sequencing 246 libraries from various gene targets and low biomass samples. Amplification success of low 247 biomass samples prone to amplification difficulties was improved by 80% when this method was 248 used instead of the traditional 1-Step PCR method. In addition to lower the cost of the shorter 249 primers used in the 2-Step PCR library protocol, which do not require PAGE purification, the 2-
250
Step PCR protocol represents a major improvement. Other investigators have reported the use 251 of 16S rRNA gene fusion amplification primers that contain a universal 16S rRNA sequence, a 252 barcode and sequencer specific adaptors have been previously used to generate large 253 sequence datasets, including those related to the Human Microbiome Project [13, 14] . This 1-
254
Step PCR library construction method suffers from low efficacy of amplification due to the long 255 primer length, which is especially problematic in cases where template targets are in low 
264
In summary, to demonstrate the comparability of sequence datasets produced via different 265 methods, 16S rRNA gene V3-V4 regions sequence datasets were generated from low-biomass Step 1 -Targ et PC R
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